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METHOD AND DEVICE FOR TESTING A FUEL METERING SYSTEM 
Background Information 

A cold test is usually carried out as part of engine assembly testing. Among other 
things, this is done to test the injector contacts. 

5 Summary Of The Invention 

According to the present invention, this test is carried out by a serial control unit, 
which is used during normal operation to control fuel metering. Carrying out the cold 
test using the serial control unit makes it possible to substantially lower costs. In 
addition, the time required for the test, in particular for testing the injector contacts, 
10 may be significantly reduced because no test equipment needs to be installed 
and/or removed. 

The test is preferably carried out during control unit initialization, i.e., during the 
initialization phase prior to startup. The injection system is still pressureless during 
15 this phase, which prevents unwanted injection and the danger of uncontrolled 

combustion. This also eliminates the time needed for pressure to build up in the 
high-pressure accumulator. 

It is particularly advantageous to carry out the test once prior to startup, in particular, 
20 prior to the first startup. This may substantially reduce the amount of time required. 

The test is preferably carried out when a speed variable is less than a threshold 
value or a rail pressure variable is less than a threshold value. This procedure 
makes it possible to reliably prevent unwanted injections during the test. 

25 

Carrying out the test when a voltage variable is greater than a threshold value 
ensures that a piezoelectric actuator may be reliably charged and/or discharged. 
The voltage across a buffer capacitor of the piezoelectric output stage is preferably 
evaluated as the voltage variable. 

30 
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Error detection preferably includes a check for a short-circuit, an interruption and/or 
a pole reversal of lines. All errors that may occur during assembly are thereby 
detectable. 

5 According to a particularly advantageous embodiment, the control unit is connected 
to a diagnostic tester, which may be designed so that it initializes the test. 
Alternatively or in addition, the results of the test are output and/or displayed via the 
diagnostic tester. 

10 Brief Description Of The Drawings 

i 

Figure 1 shows a block diagram of the device according to the present invention. 

Figure 2 shows a flowchart illustrating the procedure according to the present 
invention. 

15 

Detailed Description 

Figure 1 shows important elements of the device according to the present invention 
on the basis of a block diagram. An internal combustion engine is identified by 
reference number 100. Injectors 101 through 104 are assigned to this internal 
20 combustion engine. In addition, at least one sensor 1 10 is attached to internal 

combustion engine 100. The sensor applies a signal variable, among other things, to 
an engine controller 120. In particular, these are signals relating to the rotational 
speed of the internal combustion engine and/or rail pressure P. 

25 Engine controller 120 includes, among other things, an injection controller 122 and 
an assembly tester 124. Injection controller 122 applies signals to a valve controller 
130. Valve controller 130 includes, among other things, an output stage controller 
136, an output stage diagnostic unit 138 and output stages 131 through 134 which 
are assigned to injectors 101 through 104. The output stages apply a supply voltage 

30 to the injectors via lines 141 through 144. Output stage diagnostic unit 138 applies a 
signal to assembly tester 124. 
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According to a particularly advantageous embodiment, a diagnostic tester 150 is 
provided which receives a signal from assembly tester 124 and which, in turn, 
applies a signal to injection controller 122. This is a device which is only connected 
to the engine controller from time to time. 

5 

Engine controller 120, valve controller 130, injectors 101 through 104, and additional 
elements which are not illustrated are preferably referred to as a fuel metering 
system. The engine controller and valve controller are preferably integrated into a 
control unit as a single structural unit. In addition to the functions described above, 
10 this control unit may also perform additional control functions in an internal 
combustion engine. 

According to one embodiment, the engine controller and the valve controller may 
also be installed in separate control units. The injectors are preferably equipped with 
15 a piezoelectric actuator. By charging and discharging the piezoelectric actuators, the 
flow of fuel through the injectors, and thus the amount of fuel entering the 
combustion chambers of the internal combustion engine, is controllable. 

Based on a number of sensor variables, such as speed N and other variables that 
20 are not illustrated, engine controller 120 determines a desired injection volume and a 
desired injection time. These variables are calculated by injection controller 122 and 
transferred to the valve controller. The output stage controller located there converts 
these signals to activating signals for output stages 131 through 134. This means 
that the output stage controller defines the beginning and end of the piezoelectric 
25 actuator charging and discharging processes. 

To detect any errors that occur, an output stage diagnostic unit 138 is provided 
which evaluates different voltage values, current values and/or charging/discharging 
times within the valve controller and/or in the injector area. 

30 

A wide range of errors may occur while the controllers and injectors are being 
assembled or installed in the internal combustion engine. Among other things, a 
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short circuit and/or interruption of one of connecting lines 141 through 144 may 
occur between the valve controller and one of the injectors. Short-circuits may 
connect grounded connecting lines to a supply voltage and/or a different connecting 
line. In addition, one of the injectors may be connected with reversed polarity. This 
5 means that the injector plus and minus terminals are switched. 

To detect these and other errors, a cold test is carried out prior to the first startup of 
the internal combustion engine. To do so, the injectors are suitably activated, i.e., 
charged and discharged. Output stage diagnostic unit 138 evaluates measured 
10 variables before, during and after charging and/or discharging and detects one or 
more errors that may be present. If an error is detected, the valve controller 
transmits an error message to assembly tester 124. 

It is particularly advantageous for the engine controller to carry out the cold test in 
15 conjunction with valve controller 130, i.e., via the control unit. The control unit 

including at least the engine controller and valve controller controls the usual fuel 
metering process during normal operation and also carries out the cold test prior to 
the first startup of the fuel metering system. 

20 According to a particularly advantageous embodiment, the data relating to the fault- 
free and/or faulty state may be output by a diagnostic tester 150. In addition, the test 
may be triggered via diagnostic tester 150 by activating injection controller 122. 

The use of the control unit, which controls fuel metering during operation, makes it 
25 possible to eliminate additional components. 

The cold test is preferably carried out prior to the first startup of the overall system. 
This means that, after the overall system has been assembled, the cold test is 
initiated and the check carried out at the beginning of the first startup of the engine 
30 controller and/or valve controller. 
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According to one embodiment, the cold test is no longer carried out at the time of 
subsequent startups. According to a further embodiment, the cold test is carried out 
after each intervention into the overall system, for example, after each repair of 
individual components. Furthermore, according to a particularly advantageous 
5 embodiment, the check may be carried out each time the engine is started. 

The procedure according to the present invention is illustrated by way of example 
below on the basis of the flowchart shown in Figure 2. After initial activation of the 
internal combustion engine or the control unit, a query 200 checks whether a flag I 
10 has been set to 0. If so, step 205 follows. Starting with step 205, the usual control 
program is run. If the value of flag I is set to 1, query 210 follows. 

According to one embodiment, the control unit is connected to diagnostic tester 150. 
In this case, the diagnostic tester may issue a request signal. According to this 
15 embodiment, query 200 checks whether a request signal is present. If so, query 210 
also follows. 

Query 210 checks whether speed variable N is less than a threshold value NS. If so, 
query 220 follows. This query checks whether rail pressure P is less than a threshold 
20 value SP. If this is also the case, a query 230 checks whether a voltage variable U is 
greater than a threshold value SU. If this is also the case, the actual cold test begins 
running in step 240. 

The queries above ensure that the internal combustion engine is not yet placed into 
25 operation and, if this is the case, the test is suppressed. Flag I ensures that the test 
is run only once. Depending on the implementation, flag I is resettable to 1 after 
each deactivation. Alternatively, flag I is reset only when individual components are 
replaced, or the flag is set to 1 only at the time of manufacturing. 

30 Alternatively, flag I is applicatively settable to a fixed value. This provides a special 

control unit for a cold test bay. The difference between this control unit and the serial 
control unit is the assignment of data to this one label. 
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Queries 210 and 220 ensure that the test is carried out only when the internal 
combustion engine is at a standstill and/or no pressure has built up in the fuel 
metering system. Query 230 ensures that the test is carried out only if sufficient 
power is available to charge and discharge the piezoelectric actuators. 

5 

Once all these tests have been successfully completed, a counter N is set to 1 in 
step 240. Injector 1(1) is then charged in step 250. Injector 1(1) is discharged in 
subsequent step 260. After the charging and full discharging operations have been 
performed, any errors that may occur are output from output stage diagnostic unit 
10 138 in step 270 and written to assembly tester 124. Counter N is then incremented 
by one in step 280. Subsequent query 290 checks whether value N is greater than 
value Z; if so, the program run ends in step 295. 

Steps 240, 280 and 290 ensure that the test of the individual injectors is carried out 
1 5 consecutively. Number Z corresponds to the number of cylinders. This means that 
the procedure is applicable to any number of cylinders. 

Flag I is set to 0 in step 295. Steps 205 and 295 are then followed by the usual 
control unit initialization and subsequently by the usual fuel metering. 

20 

If the control unit is connected to the diagnostic tester, the values are transferred to 
diagnostic tester 150 in step 295. It is particularly advantageous for the results to be 
displayed by the diagnostic tester. 

25 Because the internal combustion engine is not yet running during the test, important 
variables such as the rotational speed of the internal combustion engine have not 
yet been supplied to the engine controller. Injection controller 122 is therefore 
unable to set activation signals to be applied to the valve controller. According to the 
present invention, the variables needed to set the activation signals are generated, 

30 i.e., suitably set, by the engine controller and/or the valve controller. 
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For example, metering is controllable by an angle clock. To do so, a sensor is used 
to trigger pulses that characterize the position of the crankshaft and/or camshaft. 
Based on these pulses, the angle clock emits signals for forming the activation 
signals at predetermined angle settings of the crankshaft. According to the present 
5 invention, this angle clock is switched to a timer mode, i.e., the angle clock 

automatically generates crankshaft signals. These signals correspond to a constant 
engine speed. 

During the test run, the activation start times and/or the activation duration are 
10 programmed into the angle clock. After the event has been processed, the 

diagnostic registers are output selectively from the output stage diagnostic unit by 
cylinder or injector and stored in the assembly tester. This function is repeated 
according to the number of cylinders. 

15 It is particularly advantageous for the injectors to be activated by a reduced voltage 
and/or using a very short activation period, thereby preventing unwanted injection. 
This means that the entire duration of the activation period, i.e., the sum of the 
charging and discharging processes, should not exceed a certain time. This time is 
preferably 1 ms. 

20 



